Mycoplasma ovis is a hemoplasma that may cause anemia and mortality in small ruminants. Our aim was to determine whether M. ovis infects populations of free-ranging deer in Brazil. Buffy coat samples from 64 Blastocerus dichotomus from Porto Primavera, 18 Ozotocerus bezoarticus from Pantanal, and 21 O. bezoarticus from Emas National Park were tested. Using a M. ovis PCR protocol to amplify extracted DNA, 46/64 (72%) of deer from Porto Primavera, 10/18 (56%) from Pantanal, and 4/ 21 (19%) from Emas National Park were positive, giving an overall positive rate of 58% for hemoplasma in these wild deer. Sequencing and phylogenetic analysis of the 16S rRNA gene revealed 3 genetically distinct hemoplasmas including M. ovis, 'Candidatus Mycoplasma erythrocervae', and a hemoplasma most closely related to M. ovis. Phylogenetic analysis of the 23S rRNA gene from selected sequences confirmed these relationships.
Mycoplasma ovis is a hemotropic mycoplasma (hemoplasma) that attaches to red blood cells of sheep, goats, and deer. Recently, M. ovis was detected using molecular techniques in herds of Rangifer tarandus (Stoffregen et al., 2006) . Infected cervids may develop an acute, life-threatening infection or have an indolent, chronic course of disease as described in sheep. Acute disease is characterized by mild to severe, macro-or microcytic nonregenerative anemia, overwhelming inflammation, inappetence, and edema. More commonly, infected deer have no clinical signs of disease, no hematologic alteration, and no organisms are seen by light microscopic examination of stained blood smears (Stoffregen et al., 2006) . Thus, cervids may be subclinical, chronic carriers of hemoplasmas.
The presence of possibly three additional hemoplasma species in deer was recently reported. 'Candidatus Mycoplasma erythrocervae' and 'Candidatus Mycoplasma heamocervae' were identified in free-ranging Cervus nippon from Japan (Watanabe et al., 2010 ) and a hemoplasma most-closely related to M. ovis but of unknown species classification was identified in captive marsh deer (Blastocerus dichotomus) from Brazil (Grazziotin et al., 2011) . Their distinction as new species was based on sequence identities of their 16S rRNA, RNAse P (Watanabe et al., 2010) , and 23S rRNA genes (Grazzition et al., 2011) . Although the authors suggest that these isolates might represent new species of hemoplasmas, further characterization is needed for definitive species delineation. The presence of these hemoplasma species, as well their pathogenicity in other deer populations, is unknown.
Brazil has eight deer species that occupy diverse natural environments (Duarte and Gonzalez, 2010) . Two species, B. dichotomus and Ozotocerus bezoarticus (pampas deer), are considered threatened with decreasing populations (IUCN, 2010) . Their range overlaps geographically with that of livestock herds and those of several ticks that may transmit infectious diseases. However, there is no information about the susceptibility of these free-ranging deer species to M. ovis. Our aim was to 1) determine the prevalence of M. ovis infection in two endangered deer species from three geographically distinct free-ranging populations, and 2) perform molecular characterization and phylogenetic analysis of hemoplasma isolates.
Buffy coat samples (Duarte et al., 1999) of 103 deer were provided by the Nú cleo de Pesquisa e Conservac,ão de Cervídeos (NU-PECCE), Jaboticabal, São Paulo, Brazil. Sixty-four samples were from B. dichotomus captured since 1998 in the Parana river basin at Porto-Primavera Hydroelectric Dam (PP) areas (22u259770S, 52u589840W, São Paulo, Brazil) as described (Szabo et al., 2005 ; Fig. 1 ). The area comprises flat swamps and partially flooded dense forests. Contact between domestic animals and deer was observed (Szabo et al., 2007) as well as the presence of ticks on deer (Labruna et al., 2002) . Eighteen samples were from O. bezoarticus captured since 1995 in farm areas in Pantanal region (Tiemann et al., 2005) . Pantanal (19uS; 56uW, Mato Grosso do Sul, Brazil) is the largest wetland in the world. The vegetation comprises marsh, seasonally flooded grasslands, and forests where abundant fauna cohabits with domestic animals including cattle, sheep, and horses. Tick infestation on deer has been reported in this region (Bechara et al., 2000) . Twentyone samples were from O. bezoarticus captured since 1995 at Emas National Park (ENP; Tiemann et al., 2005) . Emas National Park (18u159500S, 52u539330W, Goiás, Brazil) is the largest well-preserved savanna area in Brazil. There are no reports about contact between wild and domestic animals or about ticks on deer in this region.
Hematologic data, including total plasma protein (TPP) or packed cell volume (PCV) for 57 of B. dichotomus were provided by the NUPECCE. Methods for hematologic analyses were described by Szabo et al. (2005) . The TPP and PCV reference values for B. dichotomus were based on this work.
DNA was extracted from 400 ml of buffy coat samples using the Quick-gDNA TM MiniPrep Kit according to the manufacturer's instructions (Zymo Research Corp., Orange, California, USA). A PCR protocol for kappa-casein, gene-specific for ruminants, was performed in all samples to verify the presence of amplifiable DNA (Otaviano et al., 2008 ; Table 1 ). The PCR assay for M. ovis detection was performed as described (Neimark et al., 2004) . A positive control for M. ovis from a naturally infected white-tailed deer (Odocoileus virginianus) was used in all reactions; water was used as negative control.
For sequencing, a conventional PCR was used to amplify nearly the entire (1,341 base pair [bp]) 16S rRNA gene and the 23S rRNA gene (1,345 bp) of mycoplasmas as previously described (Grazziotin et al., 2011) . Amplified products from all reactions were separated by 1.5% gel electrophoresis, stained with ethidium bromide, and photographed under ultraviolet light. The 16S and 23S rRNA products were purified from the gel (Zymoclean TM Gel DNA Recovery Kit, Zymo Research Corp.) and sequenced in both directions at the Purdue Genomics Core Facility, West Lafayette, Indiana.
The hemoplasma 16S and 23S rRNA gene sequences obtained were aligned and compared to other mycoplasma sequences available in GenBank databases using ClustalW (Thompson et al., 1994) in Mega 4.1. software (Tamura et al., 2007) . Neighborjoining (Saitou and Nei, 1987) trees were constructed from a distance matrix employing Kimura's 2-parameter model (Kimura, 1980) . The dataset was resampled 1,000 times to generate bootstrap values. The sequences were submitted to GenBank; accession numbers for the 16S rRNA gene sequences are HQ634377-HQ634380 and for the 23S rRNA gene sequences are HQ634381-HQ634383. TPP and PCV values were analyzed using standard statistical software (SAS Institute Inc., Cary, North Carolina, USA). Univariate analysis for association between mycoplasma infection and associated factors (TPP and PCV) was conducted using chi-square or Fisher's exact tests. Results were considered statistically significant when P , 0.05.
All 103 samples were successfully amplified by the kappa-casein protocol. Using a M. ovis PCR assay, 60/103 (58%) of animals were positive. Among them, 46/64 (72%) positive samples were from B. dichotomus captured in PP, 10/18 (56%) positive O. bezoarticus were from Pantanal, and 4/21 (19%) were from O. bezoarticus captured in ENP. Eighteen samples (30% of the positive samples) were selected for sequencing of almost the entire 16S rRNA gene of M. ovis; 9/46 (20%) of the samples were from PP, 5/10 (50%) were from Pantanal, and 4/4 (100%) were from ENP. The highest percentage of sequencing was performed on deer from Pantanal and ENP due to the smaller sample sizes from these areas.
Among 18 positive samples, 12 sequences (sequence 1) had 98.9-99.0% identity to M. ovis of sheep (AF338268) and 99.0-99.5% identity to M. ovis-like of fawn (FJ824847). In contrast, six sequences were only 95.7-96.5% identical to M. ovis and 95.1-96.4% identical to M. ovis of fawn. Five samples from PP (sequence 2) showed 97.4-98.0% identity to 'Candidatus Mycoplasma erythrocervae' (AB558898), while 1 sample from Pantanal (sequence 3) was 99.1% identical to the unclassified hemoplasma described in the Brazilian captive deer (HQ197747; Table 2 ). The phylogenetic tree (Fig. 2) confirmed these relationships showing 3 distinct subclusters within the M. suis cluster; sequence 1 is most closely related to M. ovis of sheep and M. ovis-like of fawn; another distinct cluster is shown for sequence 2, which included Candidatus Mycoplasma erythrocervae, and the third for sequence 3 branched with the unclassified hemoplasma described in the Brazilian captive deer (Grazziotin et al., 2011) .
The 23S rRNA gene of three representative positive samples was sequenced. Sequence 1 had 98.3% identity to M. ovis-like of fawn, while sequences 2 and 3 showed only 93.0% and 91.4% identity. The identities to the unclassified hemoplasma of the Brazilian captive deer were 91.0%, 89.7%, and 97.5% for sequences 1, 2, and 3, respectively. Because there are no 23S rRNA gene sequences available for M. ovis and 'Candidatus Mycoplasma erythrocervae', the phylogenetic comparisons were based on only M. ovis of fawn and the unclassified hemoplasma of the Brazilian captive deer. The phylogenetic tree for the 23S rRNA genes was similar to that previously generated for the 16S rRNA genes. Thus, sequence 1 was related to M. ovis of fawn while sequence 2 branched away from M. ovis, and sequence 3 was in a distinct subcluster, more closely related to the unclassified hemoplasma of the Brazilian captive deer (Fig. 3) .
Among the hemoplasma-positive animals with TPP results, only 2/37 had values outside the established reference range for deer (P 5 1.0). Similarly, only 4/42 positive animals had abnormal PCV values (P 5 0.56). It was concluded that neither parameter was associated with hemoplasma infection in these deer.
Our data suggest the possibility of a distinct spatial distribution of M. ovis and other hemoplasma infections among freeranging deer populations in Brazil. Both swamp areas located at PP Dam and Pantanal region had a higher hemoplasma-positive rate when compared to the dry area of ENP. This high prevalence was found in the two regions where presence of ticks on deer and their contact to domestic animals were previously reported. Possibly, these characteristics contribute to hemoplasma transmission in those areas.
Comparative analysis of the 16S and 23S rRNA gene sequences revealed the presence of three genetically distinct hemoplasmas among deer populations in Brazil. Sequence 1 was found most commonly in this study (12/18) and was nearly identical to the ovine hemoplasma found in sheep from Germany and in other deer species from the United States. Furthermore, we detected two other hemoplasma sequences; 5/18 sequenced samples (sequence 2) were more closely related to 'Candidatus Mycoplasma erythrocervae' whereas 1/18 (sequence 3) showed greater sequence identity to the unclassified hemoplasma of the Brazilian captive deer. Sequences 2 and 3 showed greater than 97% sequence identity to 'Candidatus Mycoplasma erythrocervae' and to the unclassified hemoplasma of the Brazilian captive deer, respectively. These data suggest that sequences 1, 2, and 3 are likely to be from distinct hemoplasma species.
In conclusion, hemoplasma infections are common in free-ranging deer populations. It is possible that warm, humid conditions are associated with a higher prevalence in certain deer populations and may be related to the presence of ticks and proximity to sheep. At least three genetically distinct species of hemoplasma were found among deer in these regions. The primer set used for detection of M. ovis in this study and other studies may not be species-specific. Thus, it may amplify other closely related, but distinct, hemoplasma species infecting deer. Further studies are needed to investigate the pathogenic potential of these hemoplasma species in deer.
